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Introduction
Agriculture is the most important economic sector for the wellbeing of rural households, especially the most vulnerable ones, and particularly in Sub-Saharan Africa (UN Women et al. 2015; IFAD 2001; World Bank 2007; World Bank et al. 2009 ). As such, agriculture is strictly linked to the income and consumption levels of rural households, and influences their food security, poverty, and malnutrition status, among other characteristics.
In most Sub-Saharan countries, a significant proportion of the agricultural labour force is composed of women. In these settings, agriculture typically employs low-level technology, and is intensive in the use of both land and labour. FAO (2011) estimates that the proportion of women in the total agriculture labour force varies between 30 and 80 per cent, depending on the country. Among Mozambique's neighbouring countries, Malawi and Tanzania show a proportion of women in the total agriculture labour force above 50 per cent UN Women et al. 2015) .
However, while playing a central role in food production, women tend to have little control over resources (Mehra and Rojas 2008; Arndt et al. 2011) . Also and importantly, in most countries it is observed that the productivity of women farmers is lower on average than the productivity of men farmers. Such a gender gap in agricultural productivity may often be substantial, and may reflect different conditions such as the access to important agricultural inputs, together with other constraints (Sheahan and Barrett 2014) . The economic costs associated with the existence of a wide gender gap in agricultural productivity may be substantial (World Bank and ONE 2014) . UN Women et al. (2015) estimate that closing the gender gap in agricultural productivity could translate in to GDP gains that in turn could move 238,000 people out of poverty in Malawi, 80,000 people in Tanzania and 119,000 people in Uganda. Indirect effects on malnutrition are also estimated as being significant. 1 Nonetheless, the existence of significant gender gaps in agricultural productivity seems to be persistent over time, despite the potential economic gains.
In this study we analyze the gender gap in agricultural productivity in Mozambique, applying the Oaxaca-Blinder decomposition approach to Agricultural Survey data for 2002, 2005, 2008, and 2012 . The analysis is conducted at national and regional levels. Our results suggest that regional differences can be important to explain the agricultural productivity gap between male-and female-headed farming households. In particular, a pronounced gap is found for the centre-north but not in the south, where female-headed households are on average 20 per cent less productive than male-headed households. Given the higher level of development of the southern region compared to the centrenorth, this might suggest that overall economic development could be one of the underlying factors linked to the reduction of the gender gap in agricultural productivity. We highlight that the estimated productivity gap would be even bigger if female-headed households were not disproportionally found in relatively smaller plots, in the presence of a strong inverse-size productivity relation. Indeed, the combined effect of these factors generally tends to reduce the gap in agricultural productivity. We could identify some of the most important drivers of this divide linked to the different endowments of female-and male-headed households. However, differences in endowments only explain a small proportion of the total gap. A larger proportion is accounted for by the structural part, which is potentially linked to technical efficiency, pure discrimination, or other unobservable characteristics.
The paper proceeds as follows: in Section 2 the Mozambican context with respect to agriculture and gender is introduced, and the data used are presented in Section 3. Section 4 discusses the methodology and estimation strategy applied in the paper, while the results are found in Section 5; Section 6 concludes.
The Mozambican context
In Mozambique, as in other sub-Saharan countries, the vast majority of households live in rural areas (65 to 70 per cent of the population), and agriculture represents the main economic activity, accounting for about 27 per cent of GDP (World Bank, 2016) . With regard to the dependence of the rural poor on agriculture, Mather et al. (2008) estimate that income from farm resources accounts for an average of about 70 to 80 per cent of total income for the poorest 80 per cent of rural households.
According to the Ministry of Agriculture, in 2005 around 25 per cent of farming households in Mozambique were headed by women (MINAG 2005) . However, this percentage is estimated to have increased to 36 per cent in 2011 (INE 2013) . Arndt et al. (2011) report that the amount of time that women and men allocate to agricultural production is comparable, but that women usually spend relatively more time taking care of food crop production, whereas men tend to control cash crop production. In the same article it is also noted that female-headed households are mostly dependent on female labour for their income. This can be explained by the fact that in most cases women become household heads when a male household member is absent, often because of death or migration. Female-headed households are also found to be poorer than male-headed households (Arndt et al. 2011) . Regarding access to resources, female-headed households generally own smaller plots and use fertilizers, pesticides, machinery, and other more modern inputs less than male-headed households (FAO, 2005) . This will be discussed in further detail in the following section. In general, it is noted that women farmers have more difficulties in having access to and control over cash, land, and livestock (Johnson et al. 2013; de Brauw 2015) .
The referenced studies highlight the importance of analyzing the gender gap in agricultural productivity in a country like Mozambique, as it shares most of the characteristics of other SubSaharan countries but also has a number of peculiarities. Mozambique is a vast country with a dispersed population, and it shows important regional differences in many aspects, so that agricultural practices and gender roles also differ from one region to the other (Marenya et al. 2015) . In this respect, regional differences play a central role.
Data
The analysis is based upon datasets from the TIA (Trabalho de Inquérito Agrícola) national agricultural surveys from 2002, 2005, 2008 , and the IAI (Inquérito Agrícola Integrado) dataset compiled in 2012. 2 The surveys are based on the Agricultural and Livestock Censuses (CAPs) and are stratified by province and agro-ecological zone. TIA data are representative at the national and provincial levels, and represent the best available data for smallholder agriculture in Mozambique. The datasets include a representative sample of small-and medium-sized farms: the holdings are considered 'small' when the cultivated area is less than 10 Ha, and 'medium' with a cultivated area between 10 and 50 Ha. The 'large' farms with a cultivated area larger than 50 Ha 3 are also surveyed but are not considered in this analysis. Small and medium farmers in Mozambique account for more than 98 per cent of the land cultivated in the four years considered and represent more than 99.9 per cent of all holdings. The data, collected by the Ministry of Agriculture, with technical support from Michigan State University, contain information on household demographics, income, assets, land ownership, crop production and sales, services, and technology. Table 1 presents the descriptive statistics for all the variables used in our analysis. Statistics are presented at the country and regional levels, showing the differences between the south of Mozambique and the rest of the country. This subdivision is motivated by the existence of a strong geographical divide between the two areas of the country, which will be discussed in detail in section 5. In addition to this, we also present statistics for male-and female-headed households, along with the results of Wald tests performed on the mean differences between the two groups.
In our study we use two alternative measures of agricultural productivity as dependent variables: i) the gross value of the yield/ha in Meticais-the Mozambican currency, also abbreviated as MZNdeflated using the regional CPIs (North, Centre and South); and ii) the amount of maize produced/ha in kilograms. The average output at country level corresponds to 11135.08 MZN/ha. This value is considerably different at the subnational level. On the one hand, the southern region is considerably more productive with an average value of yield/ha, worth roughly 16860 MZN. On the other hand, the north and centre of the country fall below the national average with a mean value of yield/ha, worth approximately 9977 MZN. Looking at our alternative measure of productivity we find a different pattern. In this case, the southern region is less productive than the national average-about 1035 kg of maize/ha-with a mean production/ha of 880 kg. Conversely, the average productivity/ha is 1065 kg of maize in the centre-north. The differences in productivity between female-and maleheaded households are discussed in detail in Section 5.
The independent variables used in our analysis are standard in this literature, and include household head and other household characteristics, agricultural inputs, technical support, market-related variables, cash crop production, wealth and assets, plot size, and temporal and regional controls. Maleand female-headed households present considerably different averages with respect to some of these variables, at both national and subnational levels. To begin with, the amount of labour available to male-headed households is considerably larger, being roughly 57 per cent higher at anational level. In addition to this, the access to other inputs such as mechanical traction, fertilizer or pesticide follows the same pattern. For example, at national level about 42 per cent of male-headed households had access to mechanical traction against only 17 per cent of female-headed households.
A group of other variables also points to a general advantage for households headed by men. Not only is the level of education of male heads consistently higher, but so is their access to extension services (12 per cent versus 7 per cent at the national level). Furthermore, the proportion of male-headed households growing cash crops or participating in agricultural markets is also substantially bigger (27 per cent versus 16 per cent, and 51 per cent versus 37 per cent at the national level, respectively). Finally, the distribution of male-and female-headed households among quintiles of wealth and quintiles of plot area also translates into considerable advantages for the former group. In general, male-headed households are consistently located in bigger plots of land and are substantially wealthier.
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Methodology/estimation strategy
The gender gap in agricultural productivity between male-and female-headed households has been studied in the literature using different approaches. Some research has focused on differences in resource endowments to explain this phenomenon. A common methodology in this literature consists of testing the allocative efficiency of the distribution of certain inputs-such as fertilizer or pesticidebetween male-and female-headed households by regressing these inputs against households' observable characteristics and a variable identifying the head's gender (Larson et al. 2015; Doss and Morris 2000) . These inputs are considered to be inefficiently allocated-assuming decreasing marginal returns-when the coefficient of the gender variable is statistically significant.
On the other hand, several other studies have tried to explain the productivity gender gap through differences in technical efficiency. Most of these studies regress the yields on the observable characteristics of a pooled sample of male-and female-headed households including the gender of the head, which accounts for the differences in technical efficiency (Larson et al. 2015) . Alternatively, the gap has also been estimated using the difference in the estimated technical efficiency computed through stochastic production frontiers (Oladeebo and Fajuyigbe 2007; Kinkingninhoun-Mêdagbé et al. 2010 ).
However, none of the approaches described account for differences in resource endowments and technical efficiency simultaneously. In this paper, we employ the Oaxaca-Blinder (OB) decomposition methodology developed for the field of labour economics, which decomposes the gender gap into an explained and an unexplained component (Oaxaca 1973; Blinder 1973) . The first component, also referred to as the 'endowment effect', accounts for differences in endowments. The second component, also called the 'structural effect', accounts for differences in the returns to these endowments and for the impact of group membership. This effect can be explained by differences in technical efficiency, the returns to observable and unobservable characteristics, or pure discrimination.
This methodology has been applied to the analysis of the gender gap in agricultural productivity by McCarthy and Kilic (2014) , Aguilar et al. (2014) , Oseni et al. (2014) , Backiny-Yetna and McGee (2015) , and Ali et al. (2015) , among others.
The first step of the standard OB decomposition involves the estimation of the dependent variableagricultural productivity in our case-for male-and female-headed households through an OLS model as follows:
where G identifies the gender of the household head; stands for the measure of agricultural productivity; is a vector of k observable explanatory variables, is a vector of coefficients associated with the explanatory variables and the intercept, and is the error term (assuming that ( ) = 0). The decomposition of the productivity gender gap into the aforementioned components involves a counterfactual comparison between the coefficients computed in equation (1) and the coefficients corresponding to a scenario without gender discrimination, estimated through an OLS model based on the pooled sample of male-and female-headed households:
where stands for the measure of agricultural productivity; is a vector of k observable explanatory variables; * is a vector of coefficients associated with the explanatory variables and the intercept; is a dummy variable identifying the gender of the household head;
* is the coefficient associated with the gender of the household head and * is the error term (assuming that ( * )=0). Following these two steps, the gender gap in productivity is estimated as the mean difference between the productivity of male-and female-headed households:
Rearranging equation (3) by adding and subtracting the intercept from the pooled model (̂0 * ) and the returns to the endowments of male-and female-headed households valued at ̂ * (Σ =1̂ * and Σ =1̂ * ), we obtain the aggregate decomposition as follows:
where the endowment effect can be interpreted as the increase in productivity that female-headed households would obtain if they had the same endowments as male-headed households, and the structural effect as the increase that they would obtain if they had the same return on these endowments. As mentioned, the structural effect also accounts for the pure effect of group membership, which appears in equation (4) as the difference between the intercept terms, i.e. (̂0 −̂0 * ) and (̂0 * −̂0).
The structural effect can be further divided into a male structural advantage
). These two elements can be interpreted as the difference in agricultural productivity between males (females) and the non-discrimination scenario. This in turn is explained by the differences between the coefficients of each group and the ones obtained through the pooled regression.
According to Fortin et al. (2010) , the validity of the aggregate decomposition depends on two assumptions which we assume to hold in our model-Overlapping Support and Ignorability. The first one requires that no combination of observable and unobservable characteristics can (exactly) identify group membership. In other words, this implies that there is no characteristic (or combination of characteristics) that can only be found among male-headed or female-headed households. 4 The second assumption imposes that the distribution of omitted variables conditional on the observable characteristics is the same for both groups. This can be thought as a weaker version of the traditional conditional independence assumption for OLS models ( ( | ) = 0).
The OB methodology also permits the decomposition of both the endowment and the structural effect into the individual contribution of each observable covariate-the so-called detailed decomposition. As the endowment and structural effects are equal to the sum of the coefficients of these covariates, we can easily determine the percentage of the gap that is driven by each variable. This decomposition has relevant policy implications as it helps to identify the drivers of the gender gap.
While the interpretation of the individual contributions to the endowment effect is fairly straightforward, the same does not apply to the decomposition of the structural effect. As mentioned above, the structural effect includes the difference between the male and female intercepts (the group membership term), and between the coefficients (the return to the endowments). For this reason, when the OB decomposition includes categorical variables (as is often the case), the interpretation of the coefficients associated with these categorical variables and the group membership component is not meaningful. This occurs because changing the categorical variables reference group changes the coefficients associated with them and with the group membership term. 5 As such, the standard decomposition of the structural effect can only be interpreted for non-categorical variables (those with a natural zero point).
6 A solution to the identification problem just described was developed by Yun (2005) . The solution departs from the assumption that the average of the coefficients associated with categorical variables obtained after estimating the same model through 'every possible specification of the reference groups' is equal to the categorical variables' true contributions to the gender gap (Yun, 2003: 2) . In order words, this solution uses normalized regressions to compute the OB decomposition instead of the equations (1) and (2) described above.
7 With this methodology, the structural effect, the endowment effect, the detailed decomposition of the endowment effect, and the contribution of continuous variables to the structural effect are not altered. 8
Results
Table 3 presents the mean gender gap and its aggregate and detailed decompositions obtained through the OB methodology. As mentioned, results are presented for two different measures of agricultural productivity: the gross value of the yield/ha and the production of maize/ha in kilograms-the most important crop for smallholders in Mozambique. The second outcome variable serves as a robustness check since the gross value of the yield might be highly sensitive to price variations across the years and between regions. We treat the observations from the TIAs of 2002, 2005, 2008 and 2012 as a cross-sectional database. Year-specific effects are controlled with temporal dummies.
Besides the decomposition at the national level, we also present results obtained for the southern region and the centre-north. This subdivision is motivated by the observation that the southern region differs substantially from the rest of the country with regard to the gender divide. This is evident from the descriptive statistics presented in Table 1 . A similar strategy has also been employed for the case of Nigeria by Oseni et al. (2014) , who acknowledge substantial regional differences and find sensibly different results for different regions of the country. These differences between the southern region and the rest of the country are also reported in anthropological studies focused on gender issues in Mozambique. Tvedten (2011) , for example, stresses that 'the economic development and migration in the south led to a higher degree of 'modernisation' and change in social relationships than in the rest of the country' (Tvedten 2011: 4) .
At a national level, we observe that the average productivity of male-and female-headed households is only statistically different when maize/ha is used as the outcome variable-male-headed households being 24 per cent more productive on average. The average productivity in terms of yield/ha at the national level is actually higher among female-headed households despite not being statistically different from male-headed counterparts. However, Table 2 shows that this pattern is reversed when the sample is divided by quintiles of plot size. This division not only shows that agricultural productivity decreases with plot size, but also that male-headed households are consistently more productive at all quintiles. This suggests that the existence of an inverse-size productivity relationship might have a considerable influence on the gender gap. An inverse-size productivity relationship exits when farmers are more productive in smaller plots. This can be explained, among other reasons, by a more intensive use of inputs-the access to which is constrained-in smaller areas. Given that women are more concentrated in smaller plots (as shown in Table 1 ), this relationship might explain the overall higher average productivity among female-headed households observed at the national level in terms of yield/ha.
As expected, the mean differences in agricultural productivity between male-and female-headed households are not statistically significant in the southern region in contrast with the rest of the country. In the north and centre, male-headed households are on average 21 per cent more productive in terms of the gross value of the yield/ha and 26 per cent more productive in terms of the production of maize/ha. 9 In the southern region, even though the mean difference is not statistically significant, the average productivity of female-headed households in terms of yield/ha is actually higher than that of male-headed households.
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Looking at the aggregate decomposition of the productivity gaps that are statistically significant it can be observed that the endowment effect only explains a small portion of the existing gaps. For the centre and north of the country, differences in endowments only explain about 10 per cent of the gap in terms of yield/ha and 8 per cent in terms of maize/ha. At the national level, the endowment effect only accounts for 21 per cent of the gap observed in the productivity of maize. Thus, the gaps in productivity seem to be mostly driven by unexplained or structural effects. In addition to that, the unexplained or structural effects are also statistically significant, in contrast with the endowment effects.
The detailed decomposition of the endowment effects in the three cases in which the gender gap is statistically significant allows us to identify the observables with consistently strong and statistically significant contributions. Among the inputs, the amount of labour and the access to mechanical traction are both statistically significant across the board. The contribution of these covariates to the endowment effect varies between 94 and 283 per cent in the case of labour, and between 87 and 162 per cent in the case of mechanical traction. In addition to this, two other factors are positively associated with the gender gap in the three cases: the production of cash crops (between 50 and 125 per cent) and market participation (between 115 and 258 per cent). As one would expect, all these covariates reflect characteristics where male-headed households have an advantage as observed in the descriptive statistics.
Two additional points emerge from the decomposition of the endowment effects. First, the covariate identifying the 5 th quintile of our indicator of wealth has a positive and statistically significant contribution to the gender gap in the three cases (between 51 and 156 per cent). This result is in accordance with the composition of the 5 th quintile of wealth where 83 per cent of the households have a male head. Second, the 2 nd , 4 th and 5 th plot size quintiles have statistically significant contributions in the three relevant decompositions (the reference group being the 1 st quintile of plot size). Whereas being in the 2 nd quintile is positively associated with the gender gap, belonging to the 4 th or 5 th quintiles contributes to its reduction. These results are understandable in the presence of a strong inverse-size-productivity relationship.
11 Overall, these coefficients support our previous 9 This pattern is also verified when analyzing the north and center individually. The gender gap is statistically significant in both regions for the two measures of productivity considered in this study. In terms of yield/ha, male-headed households are on average 26 percent more productive in the central part of the country and 14 percent more productive in the north. In terms of maize/ha, households with a male head are on average 28 percent more productive in the center and 17 percent more productive in the north. 10 As in the case of the gender gap in terms of yield/ha at the national level, this pattern also fades out when the sample is divided by quintiles of plot size (see Table 2 ). 11 As mentioned before, the average agricultural productivity of smallholders in Mozambique strictly decreases with plot size. As a consequence, these coefficients show the impact of the relative concentration of male-and female-headed households in each quintile of plot size on the gender gap, in comparison with the reference group. The descriptive statistics show that female-headed households are more concentrated in the first two quintiles than male-headed households and much less concentrated in the 4 th and 5 th (the difference is not statistically significant for the 3 rd quintile). As follows, the higher concentration of female heads in the 2 nd quintile must increase the gap while a higher share of male heads in the 4 th and 5 th quintiles must reduce it.
conclusion that the higher concentration of female-headed households in smaller plots translates into a reduced gender gap.
As introduced, the interpretation of the standard decomposition of the structural effect is not meaningful for categorical variables, which constitute the great majority of our covariates. Even so, Aguilar et al. (2014) state that this decomposition still allows us to identify 'the factors to which the productivity generating function is more sensitive' (Aguilar et al. 2014; p. 13) . For the sake of a complete analysis, we will compare the results of the standard decomposition with the 'normalized' one to identify any common patterns between the two.
From Table 4 we can observe that very few variables present statistically significant coefficients across the three relevant decompositions, regardless of the methodology employed (standard or normalized). The coefficients associated with the access to pesticide are statistically significant (at the 5 and 10 per cent significance levels) and positive in the two decompositions computed for the centre-north using both the standard and normalized approaches. This result seems to indicate that male-headed households in that part of the country obtain a higher return from the use of pesticides, a fact that can be explained by factors such as their higher access to extension services. The only other coefficients that are statistically significant in more than one specification across both methodologies are the ones associated with the fourth and fifth quintiles of plot areas and non-farm income. Whereas non-farm income presents inconsistent coefficients
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, the effects associated with the last quintiles of plot size are associated with a reduction in the gender gap in the three decompositions deemed relevant in this section. The latter result is probably explained by the set of factors underlying the inverse-size productivity relationship, which are not the focus of the present study. Other factors, such as the use of fertilizers, animal traction, market participation or household size, also present statistically significant coefficients but these effects are not consistent across the different decompositions. Finally, the constant terms are statistically significant at the 1 per cent significance level and are by far the largest statistically significant coefficients in the three standard decompositions. However, these effects disappear, as expected, when the normalization is applied.
Overall, it was noticed that the structural effect accounts for most of the gender gap in agricultural productivity. Nonetheless, we could only find a limited number of explanatory variables with consistent effects. In the labour economics literature, the existence of a large and significant structural effect is generally interpreted as pure discrimination. However, unlike wage discrimination, differences in productivity are not driven by exogenous factors such as the decision of an employer to pay lower wages to women. For this reason, we believe that a number of factors that are not observable in the present dataset might explain the magnitude of the structural effect observed in this analysis. Several elements have been discussed in the literature, such as differences in physical strength, discrimination in the access to land in terms of soil quality, or even the amount of time spent on other activities (domestic or commercial) by female heads. A study by Marenya et al. (2015) on fertilizer use in Mozambique suggests that intra-household input, land, and crop output and income allocation have important implications for agricultural productivity. Unfortunately, the TIA data in use do not allow us to dwell on these factors at this stage.
Conclusions
The existence of sizeable gender gaps in agricultural productivity has been identified by the existing literature as one of the potential constraints to GDP growth, poverty reduction, or improved nutrition in Sub-Saharan Africa. In this paper, we study the gender gap in agricultural productivity for the case of Mozambique and seek to determine its main drivers.
Our results show that a gender divide exists in Mozambique, following a strong geographical pattern. While a significant gender gap favouring male-headed households is found for the centre-north of the country, this does not seem to be the case for the southern region. In the centre-north male-headed households are on average 20 per cent more productive than female-headed ones.
We also observe that female-headed households are disproportionately concentrated in relatively smaller plots. Given that a strong inverse-size-productivity relationship is in place, female-headed households end up being more productive (on average) than their male counterparts. In other words, the concentration of women in smaller plots is concealing the real dimension of the productivity gap. This result highlights the importance of further exploring the inverse-size-productivity relationship in Mozambique.
According to our results, the gender gap is mostly explained by structural factors, potentially including technical efficiency, pure discrimination, or other unobservable characteristics. The differences in endowments of male-and female-headed households only account for roughly 10 to 20 per cent of the gender productivity divide. Nonetheless, the so-called 'endowment effect' seems to be driven by factors for which male-headed households clearly have an advantage, such as access to labour, mechanical traction, markets or the production of cash crops. Hence, improving the access of femaleheaded households to these factors could have a small but potentially significant impact on the gender productivity gap in Mozambique.
Concerning the structural component of the divide, our analysis could only identify a limited number of explanatory variables with consistent effects. Furthermore, unlike discrimination in the labour market, differences in productivity cannot be explained by pure discrimination. The gender gap in Mozambique is likely to be driven by factors that are not observable in our data, such as physical strength, soil quality, or even cultural aspects such as the role of women within the household in different regions. Including at least some of these variables in future agricultural surveys could allow researchers to better identify the elements restraining the productivity of female-headed households compared to male-headed ones.
Overall, our analysis reveals the existence of a strong regional divide concerning the agricultural productivity gender gap in Mozambique. The fact that the southern region is substantially more developed with respect to many economic and social indicators compared to the centre-north suggests that general economic development could be associated with the reduction of the gender agricultural productivity gap. The available data does not allow us to establish a clear link between the two. However, the present study provides a solid set of elements to serve as a basis for further research. The results from a Wald test for the weighted mean difference between male and female managed plots are shown under difference. *** p<0.01, ** p<0.05; * p<0.1. † indicates dummy variable. Estimates are weighted. a This variable was built taking into account the age and main activity (agriculture or other) of the members of the household and whether the external workers were reported as full time or part time workers.
Tables
b The quintiles of wealth derive from a wealth indicator built through the principal component analysis of a group of relevant variables namely, the quality of the walls and roof of the household, the possession of a motorcycle, truck, oil lamp, latrine, bicycle, radio or mechanical tools. 
